Abstract -A comparative cytogenetic analysis was carried out in two sympatric fish species of the genus Characidium, C. gomesi and C. cf. zebra, from the Paraná basin, São Paulo State, Brazil. Although both species showed the same diploid number (2n = 50) and a similar karyotypic macrostructure, an interspecific diversity was detected concerning the distribution of the C-bands and the nucleolar organizing regions in the karyotypes, as well as the sex chromosomes. A ZZ/ZW sex chromosome system was detected in C. gomesi, where the W chromosome appears fully heterochromatic and with a small size than Z chromosome. This species also presented a triploid female specimen bearing one W and two Z chromosomes. In C. cf.zebra heteromorphic sex chromosomes were not found. These data are discussed concerning the characterization of the regional ictiofauna and its evolutionary aspects.
INTRODUCTION
The Characidium genus comprises small sized fishes with an elongated body, small mouth and a short anal fin, distributed from Panamá to Argentina (BUCKUP 1991) .
Of the 58 species that compose the Characidiinae subfamily, only some belonging to the genera Characidium and Jobertina have already some cytogenetic data (MIYAZAWA 1991; MAISTRO et al. 1998) . The genus Characidium presents a relatively stable karyotypic pattern, showing a diploid number 2n = 50 and biarmed chromosomes, usually meta-submetacentrics. Sex chromosome systems, as well as the presence of B chromosomes, were also verified in samples from the Paraná river basin (Table 1) .
Triploidy reports in neotropical fishes are becoming frequent as the number of analyzed species and populations increases. Today about 14 species-populations, belonging to different orders and families, register this occurrence, with a higher frequency in the Astyanax genus (Table 2) .
In an ictiofaunistic and cytogenetic survey of headwater species in the the Mantiqueira mountain (São Paulo State, Brazil), we found two sympatric species of Characidium, C. gomesi and C. cf. zebra, the former evidencing a sex chromosome mechanism of the ZW type, besides the additional occurrence of triploidy in a female specimen bearing two Z chromosomes plus a W one. These data are discussed concerning the characterization of the regional ictiofauna, its evolution and biodiversity.
MATERIALS AND METHODS
525 metaphases of Characidium cf. zebra (21 specimens: 12 females and 9 males) and 635 metaphases of Characidium gomesi (27 specimens: 16 females and 11 males) from the Paiol Grande stream (São Bento of Sapucai -SP) were analyzed. The samples were classified and stored at the Museu Nacional do Rio de Janeiro (National Museum of Rio de Janeiro), their identification numbers being MNRJ 20999 and MNRJ 20998, respectively.
Mitotic chromosomes were obtained according BERTOLLO et al. (1978) . The methods of SUMNER (1972) and HOWELL and BLACK (1980) were employed for the detection of the constitutive heterochromatin and the nucleolar organizer regions (NORs), respectively. Sequential banding preparations followed CENTOFANTE (2000) . The chromosomal morphology was determined according its arm ratio (LEVAN et al. 1964) .
RESULTS
The karyotype of Characidium gomesi (2n=50) is constituted by 31 metacentric and 19 submetacentric chromosomes in the females, while the males show 32 metacentric and 18 submetacentric chro-254 CENTOFANTE, BERTOLLO and MOREIRA-FILHO Table 1 -Chromosomal data for some Characidium species of the Paraná river basin (Brazil) and their localities. SP = São Paulo State; MG = Minas Gerais State; CF = chromosomic formulae; B = B chromosomes; CS = sex chromosomes; NOR = nucleolus organizing regions; T = terminal and I = interstitial sites; R = references. References: 1. MORELLI et al. (1983); 2. DIAS et al. (1992); 3. FAUAZ et al. (1994); 4. VENERE and GALETTI JR. (1985) ; 5. ALMEIDA-TOLE- DO et al. (1985) ; 6. GIULIANO-CAETANO and BERTOLLO (1990); 7. FERNANDES et al. (1992); 8. MAISTRO et al. (1994) ; 9. KAVALCO and MARGARIDO (2000); 10. MOLINA et al. (1996); 11. BORIN and MARTINS-SANTOS (1998); 12. MALACRIDA et al. (2000) ; 13. Present study mosomes (Figs. 1a and 1c) , but the fundamental number (number of chromosomal arms) is 100, for both sexes. The female karyotype (Fig. 1a) clearly shows a chromosome heteromorphism for the pair no. 2, concerning the morphology and size of these chromosomes, i.e., a big metacentric and a small submetacentric. In males, this pair is represented by 2 metacentrics of the same size. Thus, this heteromorphism characterizes a sex chromosome system of the ZZ/ZW type, in which the Z chromosome is represented by the big metacentric and the W chromosome by a the small submetacentric. Sequential analyses (conventional Giemsa staining followed by C-banding) enabled an accurate identification of the chromosomes related with this sex system (Figs. 1b and 1d ). While the Z chromosome presents only a heterochromatin segment on its long arm, the W chromosome is completely heterochromatic. C-bands can also be visualized in the pericentromeric and telomeric regions in other chromosomes of the complement, although the total amount of heterochromatin is relatively discreet in this species.
The nucleolus organizing regions (NORs) are located in the single homologous pair no.18, on the terminal region of the long arm (Fig. 1a-box) , being coincident with a heterochromatic region (Fig. 1b ).
An occurrence of natural triploidy (2n=3x=75) was also verified in a female specimen (Fig. 2a) , showing two Z and one W chromosomes (Fig. 2b) . Accordingly, the three homologous no.18 showed active NOR sites (Fig. 2 c) .
The karyotype of Characidium cf. zebra (2n=50) is formed by 32 metacentric and 18 submetacentric chromosomes, NF=100 in both sexes (Fig. 3a) . No chromosomal heteromorphism was observed among sexes in this species.
The pericentromeric heterochromatin is more conspicuous than in C. gomesi and can be observed in all chromosomes of the complement. The NOR is interstitially located on the long arm of the chromosome no. 23 (Fig. 3a-box) and it is also coincident with a small heterochromatic block (Fig. 3b) .
DISCUSSION
Both sympatric species of Characidium, C. gomesi and C. cf. zebra, showed the same diploid number (2n=50), the same fundamental number (100) and a relatively similar karyotypic macrostructure. However in C. gomesi a very evident ZZ/ZW sex mechanism was detected, while no chromosome heteromorphism was observed in C. cf. zebra. Differences concerning the NOR locations were also verified among the two species: while in C. gomesi this region was found on the long arm of the big submetacentric no. 18, in C. cf. zebra it was found on the long arm of the small submetacentric no. 23. Besides, the first chromo- some pair of C. cf. zebra is much larger than the the second pair, something not so evident in C. gomesi (Figs. 1c and 3a) . Thus, these karyotypic characters are perfectly diagnostic for these two sympatric species, allowing their precise characterization from a cytogenetic view.
MIYAZAWA and GALETTI JR. (1994) studied 4 species of Characidium, C. cf. zebra, C. cf. lagosantensis, C. pterostictum and Characidium sp. from several locations of the Brazilian Paraná basin, which presented a great karyotypic similarity among them. However MAISTRO et al. (1998) , after analyzing populations of C. cf. fasciatum also from the Paraná basin, described divergent karyotypes from those reported by MIYAZAWA and GALETTI JR. (1994) . According to MAISTRO et al. (1998) , the differences in the karyotypic structure among species/populations of Characidium could be related to their way of life, once they live in stream heads, showing a low mobility and forming local populations, attributes that could facilitate the fixation of chromosomal rearrangements.
About 50% of the occurrences of sex chromosomes reported for the neotropical fauna correspond to female heterogamety (MOREIRA-FILHO et al. 1993; BERTOLLO et al. 2000) . Two basic patterns have been postulated to explain the origin and differentiation of the sex chromosomes. In the first one, it is proposed the prevention of the exchanges among the homologues during the meiosis, probably due to chromosomal rearrangements (BEÇAK et al. 1969) . In the second one, the initial stage of the sex chromosome differentiation could take place independently of rearrangements, starting from the origin and accumulation of some classes of satellite DNA in one of the homologous of the ancestral pair, thus being associated to a heterochromatinization of the chromosomes (SINGH et al. 1980, among others) .
In some fish, such as Poecilia var. melanística (HAAF and SCHMID 1984) , Leporinus (GALETTI JR. and FORESTI 1986) , Semaprochilodus taeniatus (FELDBERG et al. 1987) , Poecília latipinna (SOLA et al. 1990) , P. reticulata (NANDA et al. 1990) , Eigenmannia virescens (ALMEIDA-TOLEDO et al. 1988) , Microlepidogaster leucofrenatus and Pseudotocinclus tietensis (ANDREATA 1991) , Triportheus (BERTOLLO and CAVALLARO 1992; SÁNCHES and JORGE 1999; ARTONI et al. in press) , Parodon hilarii (MOREIRA-FILHO et al. 1993; JESUS et al. 2000) , the differentiation of the sex chromosomes seems to be in fact related to segments of heterochromatin exclusive to the Y or W chromosomes. In most of these cases, a primary heterochromatinization seems to have been followed by a process of heterochromatin accumulation, with the consequent increase in size of the W or Y chromosomes in relation to their original homologues (Z or X). On the other hand, in several species of Triportheus this process was accompanied by a reduction in size of the W chromosome, which is smaller than Z and morphologically differentiable among the species (ARTONI et al. in press) . In this context, the results obtained in C. gomesi are also framed in the Triportheus model. MAISTRO et al. (1998) , also described for Characidium cf. fasciatum a ZZ/ZW system, where the Z and W chromosomes have the same shape and size, being differentiated from each other by the total heterochromatinization of the W. Thus, the ZW system of C. gomesi presents itself different from that of C. cf. fasciatum in what refers to the W chromosome, which followed a specific differentiation process in each one of these species.
Among the neotropical fish different kinds of sex chromosome systems can be found, even among species of a same family, such as in Erythrinidae (BERTOLLO et al. 1979 (BERTOLLO et al. , 1983 and Parodontidae (MOREIRA-FILHO et al. 1993) , or even among species of a same genus, such as in Hoplias (BERTOLLO et al. 2000) and in Eigenmannia (ALMEIDA-TOLEDO et al. 1984) . The diversity of these systems indicates their distinct origins, as well as that they took place at different times, as it is known that the isolation of the distinct Brazilian hydrographic basins was not a concomitant event. Thus, different sex chromosome systems were able to be fixed independently among the members of a same family, or even a given genus from different hydrographic basins, contributing to the speciation process. Parallel to this, other geomorphologic events could have contributed to the redistribution of the species. Such is the case of the "capture of stream heads" (term used to designate when a stream head is captured by another river belonging to an adjacent hydrographic basin), as occurred in the old stream heads of the Tietê river that became attached to the Paraíba do Sul river. On the other hand, the connections among different hydrographic basins, as with the stream heads and rivers of the Paraná basin with the stream heads and tributaries of the Amazonas river (MENEZES 1972) , could also contribute to the fish fauna redistribution. Thus, these processes make possible that allopatric species with differentiated sex chromosome systems be placed in a sympatric condition.
On the other hand, variations in the ZZ/ZW sex chromosome system of some Triportheus species appear to have evolved within a same hydrographic basin. In these cases, a possible isolation of the fishes among the several tributaries present in a big hydrographic system, such as the Amazon basin, could favour such differentiation. The same could be valid for Characidium, where a ZZ/ZW sex chromosome system is found in C. gomesi and C. cf. fasciatum, both belonging to the big Paraná basin. Thus, the diversity of this fish group should be analysed in a more general context, including its way of life, the historical origin of the hydrographic basins, together with the geomorphologic events that took place in the South American Continent.
All the polyploidy cases among neotropical fish refer to triploid forms (Table 2) , the other polyploid conditions not being described. However in Curimata modesta (VENERE et. al. 1985) and in Astyanax scabripinnis (FAUAZ et al. 1994; MAISTRO et al. 1994) triploidy is accompanied by supernumerary B chromosomes. The triploidy in C. gomesi becomes also interesting due to the sex chromosome system that occur in this species. In this case, the presence of one W and two Z chromosomes was verified (Fig. 2b) , as well as three chromosomes bearing NORs (Fig. 2c) . MOLINA et al. (1996) , also found a similar situation in Leporinus cf. elongatus, a fish species that also presents a ZZ/ZW sex chromosomes system, although the analyzed specimen was a male bearing three Z chromosomes. In general, the fertilization of a diploid egg by an haploid sperm cell has been considered the most probable origin of the triploid specimens, associated to possible thermal shocks during the spawning inducing the formation of a non-reduced egg (CUELLAR and UYENO 1972; VALENTI 1975) . Indeed, the occurrence of two Z chromosomes in the triploid C. gomesi supports this hypothesis.
Few species of Characidium have been studied until now. However, the available data suggest some trends in this fish group. Thus, while the diploid number 2n=50 tend to be maintained, a complementary diversity is seen concerning the distribution of the C-bands and the nucleolar organizing regions in the karyotypes and the sex chromosomes. Cytogenetic and systematic studies, which are being made with other species from different hydrographic basins in the southeastern Brazil, will complement the analysis of the diversity and evolutionary processes in this fish group.
